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RADIATION  MEASUREMENTS  UTILIZING  THE  USAF  CHEMICAL  DOSIMETERS 


OBJECTIVES 

The  Operation  Teapot  program  for  the  cox  relation  of  proapt- 
neutron  and  proapt-gaaaa  radiation  doee  with  biologic  effects  was 
expanded  during  Operation  Pluabbob  to  include: 

1.  Proapt-neutron  and  proapt-gaaaa  angular  distribution 
aeasureaents  as  a function  of  distance. 

2.  Proapt-neutron  spectra  aeasureaents. 

3.  The  deteraination  of  neutron  and  gaaaa  attenuation  coef- 
ficients for  structural  and  other  shielding  aaterials, 
Including  terrain. 

4.  Correlation  of  radiation  dose  aeasureaents  with  effects 
in  several  species  of  aniteals. 

5.  Gaaaa  air-phase  propagation  aeasureaents. 

6.  Gaaaa  and  neutron  depth-dose  aeasureaents. 

To  accoaplish  the  purposes  aentioned  above,  two  dosiaeter 
technics  were  used.  One  (the  water-equivalent,  single-phase  do- 
siaeter) is  sensitive  to  fast  neutrons  and  gaaaa  rays  (1).  The 
other  (the  2-phase,  fast  neutron  Insensitive  gaaaa  ray  doelaeter) 
is  less  than  1 percent  sensitive  to  fast  neutrons  but  responds  to 
gaaaa  radiation  (2).  Both  sjrsteae  are  sensitive  to  theraal  neutrons 
but  can  be  shielded  with  lithiua  to  reduce  this  response. 


1 


That*  two  were  used  primarily  lor  gamma  measurements 

while  Hurst'*  group  used  tha  threahold  and  fissioa-foil  technics 
(3)  for  measuring  tha  neutron  spectra  and  tissue  dose. 


BACKGROUND 


At  a Dosimetry  Conference  held'  by  the  Civil  Effects  Test  Group 
(CETG)  following  Operation  Upshot-Knothole . the  following  points 
were  made: 

1.  Shot  Crablo  (250-mm.  gun)  emphasized  the  inadequacy 
of  the  dosimetry  technics  being  usod  at  that  time. 

Neutron  detectors  covering  various  energy  ranges  were 
lacking.  Gamma-dose  measurements  in  mixed  radiation 
fields  were  suspect. 

2.  Accurate  and  adequate  dose  measurements  should  he  made 
simultaneously  with  radiobiologic  experimentation. 

3.  Basic  information  concerning  the  attenuation  of  weapon 
radiations  in  structural  materials  and  light  assemblies 
was  incomplete  or  nonexistent. 

4.  Laboratory  experimentation  was  net  keeping  pace  with  ad- 
vances in  weaponry. 

5.  More  coordination  of  laboratory  research  and  less  frequent 
test  activity  were  considered  necessary. 


In  part,  the  Dosimetry  Conference  fulfilled  its  mission  by 
establishing  a long-range  program  of  objectives  for  the  investi- 
gation of  radiation  dosr  .ietry.  By  late  1953,  Hurst  and  co-workers 
had  produ^  * a system  for  measuring  neutron  flux  and  spectra.  One 
year  later,  investigators  of  the  School  of  Aviation  Medicine,  USAF, 
had  demonstrated  that,  certain  chemical  systems  were  adequate  for 
the  measurement  of  gamma  radiation  in  the  presence  of  fast  and 
thermal  neutrons. 
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In  1954,  investigators  of  the  School  of  Aviation  Medicine  - 
in  cooperative  experimentation  at  Oak  Ridge  with  Hurst  and  his 
associates  and  at  Los  Alamos  with  Harris  and  his  colleagues  - 
demonstrated  the  reliability  and  accuracy  of  the  anhydrous  chloro- 
form  and  anhydrous  tetrachloroethylene  dosimeter  systems  for 
measuring  gamma  rays  in  the  presence  of  neutrons. 

In  1935,  Operation  Teapot  afforded  an  opportunity  to  test 
the  above-mentioned  systems  by  comparing  their  response  to  gamma 

radiation  with  the  response  recorded  by  film  badges  and  carbon 
ionisction  chambers.  These  chemical  systems  proved  exceptionally 
successful  in  measuring  gamma  radiation  in  the  presence  of  fast 
neutrons  during  this  opera tior. 


However  successful  the  measurements  were,  it  was  obvious 
that  severe',  areas  required  investigation  and  improvement.  The 
findings  were  as  follows; 


1.  The  anhydrous  chloroform  and  anhydrous  tetrachloroethylene 
dosimeters  were  still  a laboratory  curiosity  since  produc- 
tion technics  were  crude  and  reproducibility  poor. 

2.  Pield  evaluations,  utilizing  titration  technics,  were  sub- 
jective and  a more  objective  evaluation  method  was  needed. 

3.  The  use  of  plastic  blocks  wrapped  with  0.375-inch  lithium 
metal  and  0.020-inch  sheet  lead  as  a field  shield  system 
was  successful  but  crude.  Thus,  a new,  more  refined 
field  shielding  system  was  needed. 

4.  The  sensitivity  of  the  anhydrous  chloroform  and  anhydrous 
tetrachloroethylene  was  not  great  enough  to  cover  the  en- 
tire biologically  interesting  dose  range. 

5.  A relative  figure  for  the  fast  and  thermal  neutron  sensi- 
tivity of  these  systems  needed  documentation  by  several 
Investigations 
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Utilizing  the  above-mentioned  limits tions  of  the  chemical  do- 
simetry systems  as  the  objective  for  future  research,  cooperative 
experimentation  continued.  At  Operation  Redwing,  it  was  determined 
that  the  fast  neutron  sensitivity  of  the  anhydrous  tetrachloro- 

ethylena  system  was  not  affected  when  the  system  was  overlayered 
with  a water-dye  solution.  Studies  at  Godiva,  Omega,  and  Jezebel 
at  Los  Alamos  Scientific  Laboratory  (LASL)  and  at  Oak  Ridge 
National  Laboratory  (ORNL)  demonstrated  the  worth  of  the  tin, 

aluminum,  and  lithium  cans  c'eve  loped  by  Hurst  and  co-workers 
as  a field  shielding  system.  Further,  a value  for  the 

fast  and  thermal  neutron  sensitivity  ox  the  gamma  systems  was 
established  through  cooperative  ventures  with  Harris  and  h*s 
associates  at  Los  Alamos. 

A Iso,  an  objective  method  of  evaluating  the  chemical  do- 
simeters was  developed  through  the  procurement  and  modification 
of  a Beckman  model  DK-2  ratio-recording  spectrophotometer.  Pro- 
duction problems  were  solved  so  that  during  the  period  from  July 
to  December  lt?56,  50,000  glass  ampuls  were  cleaned  and  siiicored 
and  12,000  cht*  acaI  dosimeters,  of  the  specifications  shown  in 
table  1,  were  p.  spared  for  Operation  Plumbbob. 

Most  of  these  dosimeters  were  sa  .isftctonly  utilized  u co- 
operative studies  with  CETG  and  Director,  Weapons  Effects  Test 
(DIET).  The  data  collected  are  contained  in  this  report. 

DOSIMETER  SYSTEMS 

Trichloroethylene  1-Phase  Dos  neter 

The  1-phase,  water-equivalent  dosiBietei  (1)  was  prepared  by 
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saturating  triply  distilled,  low-conductivity  water  with  a re- 
agent-grade  halogenated  hydrocarbon  such  as  trichloroethylene. 

A reagent-grade  acidimetric  dye  was  then  added,  and  the  solution 
was  standardized  to  a given  pH  and  color.  This  system  shows  s. 
linear  relationship  between  radiation  dose  and  the  acids  liber- 
ated by  the  halogenated  hydrocarbon.  The  acids  liberated  can  be 
measured  by  back-titrating  with  a standard  base  solution  or  by 
spec trophotome trie  analysis. 

This  water-equivalent  system,  when  housed  in  thin-walled 
glass  containers  of  either  Neutragles  or  Pyrex,  is  energy  in- 
dependent from  50  kev  to  12  mev.  It  is  also  dose-rate  inde- 
pendent in  ranges  from  a few  milliroentgens  per  hour  to  the 
rates  encountered  in  bomb  tests.  It  is  temperature  independent 
(—  5 percent)  between  5°  and  55°  C.  It  has  a definite  neutron 
response;  however,  it  produces  only  0.5  as  much  acid  per  rep  of 
fast  neutrons  as  it  does  per  roentgen  of  photons. 


Tetrachloroethylene  2 -Phase  Dosimeter 


Tetrachloroethylene , like  chloroform,  responds  to  x-  and 
gamma  radiation,  producing  water-soluble  acids.  Since  the 
solubility  of  water  m tetrachloroethylene  is  less  than  0.01 
percent,  tetrachloroethylene  can  be  exposed  while  overlayered 
with  an  acidimetric  dye  without  its  neutron  sensitivity  being 
affected  (neutron  sensitivity  appears  to  be  proportional  to 
water  solubility  in  the  halogenated  hydrocarbon).  By  use  of 
this  dosimeter  (2)  rather  than  a chloroform  system,  the  problem 
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of  hydrocarbon  volatility  is  overcome  and  tha  radiatio  sensi- 
tivity can  be  adjusted  by  sieple  cheaical  procedures. 

The  energy  dependence  of  the  tetrachloroethylene  dosieeter 
soaevhat  parallels  that  of  file.  Peak  response,  as  measured 
by  acid  production,  is  directly  related  to  photoelectric  ab- 
sorption. Energy  dependence  is  decreased  above  0.6  eev  as 
Coapton  scattering  becoaes  more  iaportant. 

IONOL-stabilized  tetrachloroethylene  is  rate  independent 
froa  0.5  r/hr.  to  the  rates  encountered  during  nuclear  detona- 
tions. Studies  at  the  Radiobiological  Laboratory1  have  varied 
the  dose  rate  froa  0.5  r/hr.  to  4,200  r/ain.  These  dosiaeters 
are  also  relatively  temperature  independent  (±  5 percent)  during 
irradiation  in  the  range  of  5°  to  55°  C. , and  show  a linear  re- 
lation between  radiation  dose  and  the  total  acids  liberated  by 
the  halogenated  hydrocarbon.  Acid  production  is  linear  up  to 
doses  greater  than  200,000  r,  regardless  of  rate. 

Calibration  of  the  2-phase,  tetrachloroethylene  system  in- 
dicated that  its  sensitivity  to  fast  neutrons  is  less  than  2 
percent  of  its  response  to  gamma  rays. 

In  addition,  Hurst  calculated  the  energy  absorbed  per  graa 
of  tetrachloroethylene  froa  1 rep  of  fast  neutrons  for  compari- 
son with  the  energy  absorbed  per  graa  of  tissue  froa  1 r of 
gamma  radiation.  The  calculations  for  the  tetrachloroethylene 
system  indicated  that  a maximum  of  8.3  percent  of  the  incident 

* Radiobiological  Laboratory  of  the  University  of  Texas  and 
the  United  States  Air  Force,  Austin,  Texas. 
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•uriy  of  8 mv  neutrons  is  absorbed  by  the  system  whoa  compered 
with  tba  tiiisue  doaa.  Sine*  only  10  percent  of  tha  absorbed 
doaa  la  utillaad  owing  to  tha  ebaaieal  efficiency  of  coavaraion 
for  larga  particles,  tha  aautroa  raapoaaa  of  tha  tetrachloroethylene 
system,  depending  on  tha  aaatroa  spectrum,  la  of  tha  ordar  of  0.83 
parcaat  or  laaa.  That  la,  If  exposed  to  1 rap -of  faat  nautrona 
with  no  gaaaa  rays  praaaat,  tha  doalMtar  would  generate  0.83  par- 
cant  aa  auch  acid  aa  It  would  for  1 r of  gamma  radiation. 

NEPTBON  AMD  GAMMA  CALIBBAT10M 

Tha  1-phase  water-equivalent  doalMtar  and  tha  2-phase 
tetrachloroethylene  doalaatara  hava  baan  adequately  croas- 
callbratad  against  tha  tachnlca  of  Harris,  Hurst,  and  Sayag. 

Thasa  ays tens  have  bees  uaed  with  tba  flsslon-foll  technic 
at  the  Nevada  Test  Site,  Pacific  Proving  Grounds,  Tower  Shield- 
ing Facility,  Godlva  Assembly,  LASL  — Cockroft- Walton,  ORNL 
86- Inch  cyclotron,  Argonne  National  Laboratory  (ANL)  60- Inch 
cyclotron  and  the  ANL  Research  Reactor  CP-5.  Depending  on 
the  evaluation  technic  enployed,  reproducibility  and  accuracy 
within  ± 5 percent  have  been  obtained. 

The  final  calibration  of  these  systens  was  accomplished 
by  a joint  experiment  conducted  at  the  LASL  Critical  Assembly 
Godlva.  In  this  experiment,  ORNL  supplied  reutron  dojimetry 
with  the  fission-foil  technic.  LASL  supplied  sulfur  monitors 
for  determining  the  number  of  fissions  and  Teflon  carbon  cham- 
bers for  measuring  coexistent  gamma.  Chemical  dosimetry  was 
used  for  differential  neutron-gamma  measurements  as  a function 
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of  distance  froa  the  center  of  Godiva. 

The  neutron  rep  aeasureaents  obtained  with  the  1-phase 
dosimeter  were  in  good  agreeaent  with  the  total  rep  aeasure- 
ments  obtained  with  the  fission  foils.  Gaama  measurements  in 
the  presence  of  neutrons  agree  well  with  theory  and  with  the 
Teflon-carbon  chaaber  when  it  was  corrected  for  columnar 
recombination.  (See  figure  1 for  representative  data.) 
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| FIGURE  1 


Comparative  calibration  of  Godiva. 


EVALUATION  TECHNICS 


General 

Field  evaluation  of  the  two  dosimetric  systems  used 
could  have  been  accomplished  by  any  of  three  methods:  visual 

comparison,  titration,  or  spectrophotometric  evaluation. 

The  spectrophotometric  technic  was  choson  because  it  offered 
the  greatest  accuracy  and  the  least  chance  for  human  error. 

In  addition,  the  ampuls  do  not  have  to  be  opened  as  they  do 
in  the  titration  method  and,  thus,  they  can  be  kept  for  a 
permanent  record. 


‘ic  Measurements  of  pH  Changes  in  Solutions 
Red  Indicator 


Spectrophotometrj 
of  Ch lor phenol  Rt 

Chlorphenol  red,  as  used  in  the  differential  hydrogen- 
content  system,  has  two  absorption  peaks  at  5b0  and  432  mp. 

As  the  pH  of  the  dye  solution  is  reduced  from  6.4  to  5.0 
(red  to  yellow),  the  percentage  transmission  at  560  and  432  my 
(percent  T at  500  mp  and  430  msec.)  change  in  an  inverse  re- 
lation (figure  2).  In  determining  pH  with  a spectrophotometer, 
the  mass-action  law  is  applicable  to  acid  and  alkaline  forms 
of  an  indicator  dye  in  relation  to  pH  as  shown  by  the  equation: 

(H+)  (I")  _ 

HI  " K 


where  HI  is  the  relative  acid  form  of  the  dye  and  I*  is  the 

relative  alkaline  form.  Therefore: 

PH  = Log  (I~)  . v 
HI  + * 
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FIGURE  2 

Percent  transmission  at  580  and  432  1141 
vs . pH . 


From  the  equations,  it  is  apparent  that  pH  is  a function  of 
the  ratio  of  the  acid  over  the  alkaline  forms  of  the  dye,  and 
conversely,  pH  controls  the  amounts  of  the  two  forms  of  the 
dye  present  only  when  the  effects  of  temperature,  buffering 
action,  and  impurities  are  controlled  (figure  3) . 

Spec trophotome trie  Determination  of  Exposure  Dosage 

Using  a Beckman  model  DK-2  ratio-recording  spectropho- 
tometer with  suitable  adapters,  it  is  possible  to  evaluate 
the  above-mentioned  ratio  changes  (figures  4,  5,  and  6). 
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FIGURE  3 

Ratio  percent  T 580  041  percent  T 432  mu 
vs . pH . 


Before  exposure,  the  dosimeters  are  evaluated  for  their 
pre-exposure  ratio  (percent  T 580  mu  / percent  T 432  mp) . 
Dosimeters  are  then  given  known  doses  of  radiation  and  are 
spectrophotometrica liy  evaluated  for  their  postexposure  ratio. 
A curve  of  delta  ratio  units  (postexposure  ratio  minus  pre- 
exposure ratio)  vs.  dose  is  drawn.  (See  figure  7 showing 
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Beckman  model  DK-2  spectrophotometer,  side  view. 


typical  curve.)  Once  this  curve  is  drawn  for  a specific  do- 
simeter  series,  one  can  convert  delta-ra tio-units  directly  to 
dosage. 

FIELD  COHTAINER  SYSTEMS 
ORHL  Lithium  Can  and  Blast  Shield 

The  thermal-neutron  sensitivity  of  both  chemical  systems 
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FIGURE  5 

Beckman  model  DK-2  spectrophotometer,  front  view. 


FIGURE  6 

Adaptations  for  cuvette  holder  of  Beckman  model 
DK-2  spectrophotometer. 
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ORNL  ;*thium  can. 


is  high  because  of  the  32-barn  cross-section  of  chlorine.  If 

33 

no  gams  rays  are  present,  then  3.2o  X 10  thermal  neutrons 
generate  as  such  aciu  as  17  r of  gassa  rays  In  the  2-phase, 
tetrachloroethylene  system.  Therefore,  when  exposure  to  a high 
thermal-neutron  flux  Is  probable,  adeqvate  shielding  Is  required. 
A recent  development  Is  the  ORNL-des igned  can.  (See  figures  8 
and  9.)  This  device  was  use.)  with  the  chemcal  systems  during 
Plumbbob. 
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FIGURE  10 

The  effect  of  the  ORNL  lithlua  can 
with  tin  on  energy  dependence  of  tetra- 
chloroethylene. 


In  addition  to  absorbing  the  thoraalized  neutron*,  this 
containers  systes  corrects  for  the  energy  dependence  of  the  2- 
phase  tetrachloroethylene  dosiaeters  so  that  one  obtains  re- 
let  ire  energy  independence  for  energies  froa  67  kev  to  10  aev. 
(See  figure  10  for  energy  response  Inside  containers  systea.) 

Each  lithlua  can  contains  0.6  lb.  of  lithlua  aetal.  Con- 
sequently, adequate  provision  aust  be  aade  to  protect  the  can 
against  severe  shock  as  well  as  flying  alssi£es.  This  is 
afforded  by  a 1/4-in.  thick  cylindrlc  shield.  (See  figure  8.) 
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FIGURE  11 

Shield  goal-post  installation. 


OPERATIONS 

Gamma  Measurements 

Ten  thousand  fast  neutron  insensitive  games -ray  chemi- 
cal dosimeters  plus  1,000  single-phase,  water-equivalent  do- 
simeters were  mads  available  to  Civil  Effects  Test  Group  and 
Field  Command  Weapon  Tests  (Department  of  Defense)  projects. 
Dosimeter  evaluation  was  accomplished  at  the  Nevada  Test  Site. 
Placement  end  recovery  operations  were 
Department  of  Defense  personnel.  (See 
the  type  of  equipment  used  to  position 
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performed  by  CETG  and 
figures  11  and  12  for 
dosimetry  systems.) 


FIGURE  12 

Shield  goal-poet  installation. 


Ga— a Angular  Distribution 

Guana  collies tors  vers  placed  b y CETG  Project  39.  3 (6) 
at  various  distances  f roe  ground  zero  on  shots  Franklin, 

Vi Ison,  Hood,  Stokes,  Doppler,  Franklin  Prise,  and  Fizeau. 
Various  specific  azinutbal  aad  elevation  angles  were  in* 
vestigated  on  each  shot.  Figure  13  defines  the  angular 
noaenclature  for  the  colliaator  data  presented  m the 
appendix.  The  ganaa  colllnators  employed  a eater-tank  unit 
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FIGHtK  13 

Nomenclature  for  angular  neasurenents  with  the 
collimator. 


which  was  basic  to  tooth  neutron  and  gamma  measurements . In- 
to this  basic  unit  lead  Inserts  were  placed  for  gamma  col- 
ligation measurements.  The  lead  Inserts  were  sade  in  wore 


than  one  angular  opening.  The  water-tank  was  necessary  for 


the  gases 


co  Hina  tors  in  order  to  prevent  the  fast  neutrons 


20 


from  reaching  the  lead  and  producing  gamma  rays  toy  inelastic 
scattering,  which  would  lead  to  spurious  results.  (See 
figure  14.) 
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FIGURE  14 

Gann  col liaa tors  with  lead  Inserts. 


RESULTS  AMD  CONCLUSIONS 

Results 

The  gaaaa  aeasureaents  otained  with  the  USAF  cheaical 

doeiaetere  at  various  locations  are  presented  in  the  appendix. 

2 2 
All  RD  vs.  D (doss  tiaes  slant  distance  vs.  slant  distance) 

data  has  been  analyzed  by  a aethod  of  "least  squares"  analysis. 

Proa  this  analysis,  the  slopes  (relaxation  lengths)  of  the 

radiation  for  the  thirteen  devices  have  been  calculated  and  the 

radiation  at  zero  distance  per  AT  (KQ)  has  been  deterained. 
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[ Fair  agreement  for  the  R0'  a calculated  froe  the  alopea  by 

the  least  squares  analysis  Method  is  found  froe  device  to  device. 

It  should  be  pointed  out,  however,  that  slight  changes  in  the 

slope  will  produce  enorsous  changes  in  the  R0's.  Large 

variations  in  slope  will  be  produced  even  when  radiation 

neasurenents  are  within  statistically  valid  ranges.  A 

nost  Interesting  point,  however,  is  that  for  Franklin,  tfilson, 

Priscilla,  Hood,  and  Stokes  we  find  an  RQ  value  equal  to 

approximately  6.00  X 10**  r/KT.  The  radiation  eeasureaents  for 

determining  these  K values  were  all  made  in  a region  known 
i ° 

| to  be  free  from  extraneous  Material  in  the  region  of  the  cab 

and  the  device.  It  is  suggested  that  part  of  the  variability 

t 

in  the  R0’s  Measured  for  the  other  device  may  be  due  in  part  to 

1 

extra  material  placed  around  the  device  or  in  the  cab. 

The  value  6.00  X 10®  r/KT  for  the  RQ  in  an  "open-pie" 
situation  is  somewhat  higher  than  those  previously  measured 
(4) . This  suggests  a requirement  for  further  measurements  of 
the  gamma  radiation  versus  distance  on  several  devices  to  be 
used  in  later  test  explosions.  These  neasurenents,  of  course, 
must  be  made  in  a region  relatively  free  of  extraneous  material 
around  the  active  material  of  the  device. 

Cone lusions  and  Recommenda t ions 

The. broad  initial  objectives  of  this  project  were  met. 
Radiation  measurements  were  supplied  to  the  Department  of  De- 
fense and  Civil  Effects  Test  Groups  by  the  School  of  Aviation 
Medicine,  USAF. 

2? 
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Although  tht  operation  was  highly  succwsiful,  points  rs-  j 

quiring  iaprovements  and  further  Investigation  were  obvious  at  1 

the  end  of  the  teat.  The  read-out  system,  using  the  modified 

! 

Beckman  DK-2  spectrophotometer,  was  satisfactory;  however,  j 

its  operation  was  a tedious  task  on  a mass  scale,  and  do-  1 

simetry  read-outs  were  too  dependent  on  physioal  placement  j 

and  internal  adjustments  of  the  DK-2.  The  operating  time  of  j 

the  DK-2  spectrophotometer,  required  to  produce  an  answer,  1« 
too  long  for  a field  system.  Hence,  it  was  decided  that  an 

i 

instrument  specifically  adapted  to  dosimetric  read-out  should 
be  designed  for  subsequent  field  tests.  The  following  methods 
of  evaluation  have  been  proposed  but  will  require  considerable 
research  before  an  adequate  field  dosimetric  reader  can  be 
designed: 


1.  A DK-2  spectrophotometric  system  with  an  automatic 
height-  and  area -positioning  mechanisms. 

2.  A spectrophotometric  system  utilizing  two  narrow- 
band  filters  with  appropriate  electronics  for  ra- 
tioing  the  two  spectrophotometric  peaks  along  with  a 
digital  read-out  mechanism. 

3.  A one  filter  system  utilizing  automatic  positioning 
and  a mechanism  for  a digital  read-out. 

4.  A system  that  will  measure  the  solution  power  or  dis- 
sipation factor  for  dosimetric  evaluation. 

3.  A system  utilizing  the  change  of  the  dielectric  con- 
stant of  the  solutions  as  a means  of  dosimetric 
eva luation. 

6.  A system  measuring  the  change  in  "Q"  of  the  dosimetric 
solution  as  a naans  of  evaluation. 

7.  A system  for  measuring  the  insertion  loss  for  the  do- 
simetric solution  as  a method  of  evaluation. 
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8. 


A system  utilizing  low  frequency  (electrode)  conduc- 
tivity as  s method  of  evaluation. 


9.  A system  utilizing  high  frequency  (electrode less) 
conductivity  as  a means  of  evaluation. 


10.  A system  using  a fluorometric  evaluation  as  a do- 
simetric indicator  system. 

11,  A system  using  the  nuclear  magnetic  rer.mance  of 
free  radicals  as  an  indicator  system. 


12.  A system  utilizing  the  electron  paramagnetic  reso- 
nance of  free  radicals  as  an  indicator  system. 


In  addition  to  an  improved  field  read-out  mechanism,  other 
areas  of  investigation  for  improving  the  halogenated  dosimetric 


technics  were  indicated  by  this  field  test: 

1.  A more  radiation-resistant  glass  is  needed  or  possibly 
a radiation-resistant  plastic  can  be  substitued  for 
the  capsulation  of  the  dosimetric  solutions. 

2.  Machine  (automatic)  filling  and  sealing  are  a require- 
ment for  the  large-scale  production  of  the  chemical 
dosimeters. 

3.  Alkali  liberation  at  the  seal  point  needs  to  be  limited 
or  eliminated.  Plastic- to*plas tic  radio  frequency 
sealing  is  one  consideration  and  a second  consideration 
would  be  a plastic  pressure  plug  or  cap  system. 

4.  In  the  production  of  chemical  dosimetric  systems,  the 
preparation  of  ampuls  is  tedious  and  exacting;  methods 
should  be  developed  to  make  this  phase  of  the  work  less 
difficult. 


5.  Tho  acid  extraction  time  of  the  present  system  proved 
to  be  rather  long  during  the  present  operation  (re- 
quiring a minimum  of  12  hours  post irradiation) . One 
possible  solution  to  shorten  tne  extraction  time  would 
be  the  use  of  an  ultransonic  emulcifier  followed  by 
centrigugation  prior  to  read-out. 

6.  Mew  dye-water  hydrocarbon  systems  should  be  considered 
that  will  cover  a larger  dose  range  to  eliminate  the 
present  overlap  system.  At  the  upper  range  of  one 
system  and  the  lower  range  of  a second  system,  corre- 
lation of  the  read-out  between  two  types  of  dosimeters 
for  the  same  dose  is  often  unsatisfactory. 


24 


Further,  on  the  theoretic  level,  areas  of  research  on  the 
halogens ted  hydrocarbon  system  should  be  directed  to  the  fol- 
lowing studies: 

1.  A better  understanding  of  the  radiation  chemistry  in- 
volved for  these  sy terns. 

2.  Establishment  of  the  G value  for  alpha  particles  of 
different  energy,  protons,  and  carbon  recoil  atoms, 
as  a function  rf  dissolved  gas  composition. 

To  prepare  for  the  field  operations  in  CETG  and  DWET 
studies  for  Operation  Plumbbob,  three  man-years  expended  over 
a five-month  period  were  required.  If  field  work  utilizing  these 
sy'  tens  is  to  be  considered  in  the  future,  at  the  same  level  as 
this  operation  or  at  a greater  magnitude,  it  is  imperative  that 
the  ideas  for  research  and  development,  suggested  above,  be 
attacked  in  the  near  future. 


In  a project  of  this  magnitude,  many  organizations 
and  individuals  must  of  necessity  be  involved.  The  authors 
are  indebted  to  many  of  the  members  of  the  following  or- 
ganizations, who,  under  arduous  circumstances  and  at  odd 
hours,  made  the  operation  a success:  Physics  and  Engineering 

Group,  Radiobiological  Laboratory,  USAF,  and  the  University  of 
Texas,  Austin,  Texas:;  Department  of  Radiobiology,  School  of 
Aviation  Medicine,  USAF,  Randolph  Air  Force  Base,  Texas;  Project 
39.5,  ORNL;  Project  39.6,  SAM;  and  Project  39.7,  LASL  - H-4. 
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APPENDIX  A 
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0<YAMS1 


figure  a-i 

Franklin  initial  gawaa  radiation,  north  line 
342°19,56" . 


D (YARDS) 


FIGURE  A-2 

Franklin  initial  &a»*a  radiation,  soutn  line 


TABLE  A-l 

Goal-post  data.  Franklin 


raa  3.  300-ft.  towar,  north  lina.  342019'56"  Ax 


Rang* 

(yd.) 


1,100 

1,200 


Slant  ranga  (D) 
(yd.) 

D2 

Doaa 

(D 

510 

2.6  X 105 

540 

609 

3.71  X 105 

400 

Brokan 

6.50  X 10° 

905 

8.19  X 105 

58 

1,004 

1.01  X 106 

25 

1,104 

1.22  X 10b 

12 

Brokan 

1.4  X 10 
1.48  X 10 

5.20  X 11 
4.75  X 10 
2.53  X 10 
1.46  X 10 


Area  3.  300-ft.  towar.  south  line 


Ranga 

(yd.) 


1,126 


Slant  ranga  (D) 
(yd.) 

1)2 

Doaa 

(r) 

- ! i 

: \ 

RD2 

727 

5.28  X 10® 

178 

i 

9.40  X 107 

816 

6.66  X 10® 

70 

4.66  X 107 

930 

8.66  X 10® 

31 

2.68  X 107 

1,127 

1.27  X 106 

20 

2.54  X 107 

TABLE  A-3 


Colli— to;1  data , Franklin,  300  yards 
(Aron  3.  300-ft.  to— r,  north  lino.  342®19,S6"  As.) 


Coll. 

Ho. 

Insert 

As.  (9) 
(d«g.) 

11.  (0) 
(deg.) 

At  ten—  tor 
thickness 

Bose 

(r) 

51 

30°  Pb* 

0 

67.5 

Hone 

260 

52 

45  Hone 

0 

67.5 

Hone 

260 

53 

45®  None 

0 

90.0 

None 

260 

54 

45®  Hone 

0 

22.5 

Hone 

280 

55 

45®  Hone 

45 

67.5 

None 

< 20 

56 

45®  None 

180 

22.5 

Hone 

< 20 

57 

45^  Hooa 

180 

67.5 

None 

< 20 

58 

45®  None 

135 

67.5 

None 

< 20 

59 

45°  Hone 

90 

40.0 

None 

44 

60 

45®  None 

90 

67.5 

None 

< 20 

*Lead « 


TABLE  A-4 

Colli— tor  data,  Franklin,  750  yards 
(Area  3,  300-ft.  to—  r,  north  lino,  342°19,56M  Az.) 


Coll. 

No. 

I— ert 

As.  (9) 
(deg.) 

11.  (0) 
(deg.) 

Attenuator 

thickness 

Dose 

(D 

31 

30°  Pb 

0 

67.5 

None 

<20 

32 

45®  No— 

0 

67.5 

None 

<20 

33 

45°  None 

0 

90.0 

None 

40 

34 

45®  rone 

0 

22.5 

Hone 

40 

35 

45®  None 

45 

67.5 

None 

0 

36 

45®  None 

180 

22.5 

None 

<20 

37 

45®  None 

180 

67.5 

None 

<20 

38 

45®  None 

135 

67.5 

None 

<20 

39 

45®  None 

90 

40.0 

None 

<20 

40 

45®  None 

90 

67.5 

None 

<20 

30 


TABLE  A-5 

rt  instrumentation,  Franklin 


Project  | Agency 


30.7 

30.7 

30.8 


CSTG 


Description 


Rerun  of  gamma  distribution  in 
Greenhouse  mouse-exposure 
container 

In  vivo  depth-dose  (pig) 

Phantom  depth-dose 

M-48  Unk  neutron-gamma 
attenuation 

On toe  vehicle  neutron-gamma 
attenuation 


Humber  of 

dosimeters 

supplied 


* Military  Effects  Test  Group. 


Range 

(yd.) 


TABLE  A-6 

Goal-post  data.  Wilson 


Area  Oa.  500-ft.  balloon.  120°  Az. 


Slant  range  (D) 
(yd.) 


325 

645 

765 

1,015 

1,250 


1,750 


D2 

2.76 

X 

105 

4.16 

X 

105 

5.85 

X 

105 

1.03 

X 

106 

1.56 

X 

106 

2.25 

X 

10® 

3.06 

X 

106 

4.0 

X 

io6 

3ose 

lr) 


36,600 

17,900 

9,450 

2,750 


inn 


1.01 

X 

10 

7.45  X 

10 

5.53 

X 

10 

2.83 

X 

10 

1.43 

X 

10 

7.1 

X 

10 

3.6 

X 

10 

1.8 

X 

10 

TABLE  A-7 

Goal-poet  data,  Wilson 


Area  9a.  500-f t . balloon,  204  Az. 


(yd.) 


1,100 

1,200 

1,300 

1,400 


Slant  range  (D) 
(yd.) 

D2 

Ooze 

(r) 

1,015 

1.03  X 106 

2,750 

1,105 

1.22  X 106 

1,450 

1,200 

1.44  X 106 

930 

1,300 

1.69  X 106 

600 

1,400 

1.96  X 106 

400 

1,500 

2.25  X 106 

250 

2.83 

X 

10* 

1.77 

X 

109 

1.34 

X 

109 

1.01 

X 

10* 

7.84 

X 

10® 

5.63 

X 

10® 

O(TMOS) 


FIGURE  A-5 

Wilson  initial  gasna  radiation,  eonkev 
in«s  120°. 


,325 

,350 

,375 

,400 

,425 


Area  9a 


TABU  A-8 


ura  lina 


•ft.  balloon.  120°  As 


Slant  range  (D) 

(yd.) 

D2 

Dona 

(r) 

i 

HD2 

1,414 

2.00  X 106 

481 

9.62  X 10® 

1,438 

2.07  X 106 

475 

9.83  X 10® 

1,462 

2.14  X 106 

455 

9.74  X 10® 

1,488 

2.21  X 106 

395 

8.73  X 10® 

1,512 

2.28  X 106 

347 

7.91  X 10® 

1,533 

2.35  X 106 

315 

7.40  X 10® 

1,561 

2.43  X 106 

278 

6.76  X 10® 

1,580 

2.50  X 106 

244 

6.10  X 10® 

1,601 

2.57  X 106 

) 

217 

i 

5.58  X 10® 

TABU  A-9 

Co 11 Isa  tor  data.  Wilson,  500  yards 


(Area  9a 


ft.  balloon,  120°  As.) 


Insert 

As.  (9) 
(deg.) 

El.  (9) 
(dag.) 

Attenuator 

thickness 

Dose 

(r) 

45°  Mona 

350 

68 

None 

fl 

450  Mona 

10 

40 

None 

45°  Mona 

24 

70 

None 

sKoGS 

4S°  Mona 

23 

62 

None 

Lost 

45°  Mona 

251 

68 

None 

Lost 

45°  Mona 

320 

24 

None 

45°  Mona 

292 

64 

None 

1,650 

45°  Mona 

220 

24 

None 

2,000 

TABLE  A- 10 

Colli— tor  data,  Wilson,  750  yards 
(Area  9a,  500-ft.  balloon.  120°  Az.) 


Coll. 

No. 

Insert 

Az.  (9) 
(deg.) 

El.  (0) 
(deg.) 

Attenuator 

thickness 

Dose 

(r) 

19 

30°  Pb 

0 

70 

None 

3500 

20 

30°  Pb 

356 

45 

None 

850 

21 

30®  Pb 

30 

77 

None 

700 

22 

30°  Pb 

25 

57 

None 

880 

23 

30°  Pb 

330 

77 

None 

1040 

24 

30°  Pb 

335 

57 

None 

790 

23 

30°  Pb 

58 

66 

None 

525 

26 

45°  None 

144 

22 

None 

250 

27 

43°  None 

225 

25 

None 

250 

26 

45°  None 

121 

67 

None 

160 

29 

45°  None 

236 

55 

Nore 

187 

30 

45°  None 

129 

25 

None 

210 

31 

45°  None 

106 

68 

None 

210 

32 

45°  None 

236 

23 

None 

285 

TABLE  A- 11 

Colli— tor  data,  nfilson,  1,000  yards 


(Area  9a,  500-ft.  to  1 loon,  120°  Az.) 


Coll. 

No. 

Insert 

Az.  (9) 
(deg.) 

El.  (0) 
(deg.) 

Attenuator 

thickness 

Dose 

(r) 

33 

30°  Pb 

0 

75.0 

None 

940.0 

34 

30°  Pb 

0 

50.0 

None 

255.0 

35 

30°  Pb 

30 

80.0 

None 

205.0 

36 

30°  Pb 

330 

80.0 

None 

200.0 

37 

30°  Pb 

25 

60.0 

None 

405.0 

38 

30°  Pb 

335 

60.0 

None 

310.0 

39 

45°  None 

70 

67.0 

None 

94.0 

40 

45°  None 

221 

22.5 

None 

60.0 

41 

45°  None 

132 

23.0 

None 

80.0 

42 

45°  None 

241 

76.0 

None 

46.0 

43 

45°  None 

120 

68.0 

None 

42.5 

44 

45°  None 

114 

23.0 

None 

58.0 

45 

45°  None 

232 

25.0 

None 

60.0 

46 

45°  None 

104 

29.0 

None 

57.0 

r 


TABLE  A- 12 


Col lisa  tor  da  , Wilson,  1,250  yards 
(Area  9a,  500-ft.  balloon,  120°  Az.) 


Coll. 

No. 

Insert 

Az.  (9) 
(deg.) 

El. 

(deg.) 

Attenuator 

thickness 

Dose 

(r) 

47 

30°  Pb 

0 

62 

None 

302.0 

48 

30°  Pb 

0 

52 

None 

79.0 

49 

30°  Pb 

30 

82 

None 

54.0 

50 

30°  Pb 

330 

82 

None 

68.0 

51 

30°  Pb 

25 

62 

None 

70.0 

52 

30°  Pb 

335 

62 

None 

66.0 

53 

45°  None 

70 

68 

None 

6 . 6 

54 

45°  None 

150 

25 

None 

4.1 

55 

45°  None 

214 

23 

None 

5.1 

56 

45°  None 

122 

66 

None 

3.8 

57 

45°  None 

112 

68 

None 

3.3 

58 

45°  None 

55 

24 

None 

11.1 

59 

45°  None 

72 

22 

None 

6.4 

60 

45°  None 

18 

66 

None 

6.6 

.aBLE  A-13 


Collisator  data,  Wilson,  1,500  yards 
(Area  9a,  500-ft.  balloon,  120°  Az.) 


Coll. 

No. 

Insert 

Az.  (8) 
(deg.) 

El.  (0) 
(deg.) 

Attenuator 

thickness 

Dose 

(r) 

61 

45°  None 

18 

84 

None 

86.0 

62 

45°  None 

0 

54 

None 

42.2 

63 

45°  None 

30 

84 

None 

18.0 

64 

45  None 

330 

82 

None 

15.0 

65 

45  None 

25 

63 

None 

37.5 

66 

45°  None 

335 

63 

None 

10.5 

67 

45°  None 

73 

65 

None 

3.7 

68 

45°  None 

75 

65 

None 

1.6 

69 

45°  None 

40 

15 

None 

3.9 

70 

45  None 

296 

23 

None 

2.75 

71 

45°  None 

120 

69 

None 

3 .6 

72 

45°  None 

240 

68 

None 

1.0 

73 

45°  None 

162 

20 

None 

1.55 

74 

45°  None 

- 

218 

21 

None 

1.4 

If 


39.7 

39.7 


39.8 


TABLE  A- 14 

Support  instrumentation.  Wilson 


Agency 

Description 

CETG 

In  vivo  depth-dose  (pig) 

CETG 

Kerun  of  gamma  distribution  in 
Greenhouse  mouse-exposure 
conta iner 

CETG 

Phantom  depth-dose 

METG 

M-48  tank  attenuation 

METG 

Air-phase  propagation 

umber  o 
os i mete 
supolie 


FIGUKE  A-6 

Priscilla  initial  gamma  radiation,  270°, 


TAB LX  A- 15 

Goal~nost  data.  Priscilla 


Frsnchmn  Flat.  750-ft.  balloon.  270°  Ax 


Slant  rang*  (0) 


Doss 

<r) 


1.68 

X 

10® 

3.00 

X 

10* 

5.04 

X 

10“ 

2.21 

X 

10* 

2.05 

X 

10* 

4.53 

X 

1010 

2.50 

X 

10* 

1.65 

X 

10* 

4.13 

X 

1010 

3.14 

X 

10* 

1.15 

X 

10® 

3.61 

X 

1010  f 

4.23 

X 

10* 

6.00 

X 

104 

2.54 

X 

1010 

7.40 

X 

10* 

1.70 

X 

104 

1.26 

X 

10W 

1 

1.00 

X 

10* 

7,200 

7.20 

X 

O J 

10*  J 

■1 

1.81 

X 

10* 

1,290 

2.46 

X 

10®  } 

2.18 

X 

10* 

740 

1.61 

X 

10®  j 

3.14 

X 

10s 

162 

5.09 

X 

108  | 

TABLE  A >16 

Support  instrumentation.  Priscilla 


Project 

Agency 

Description 

39.7 

CETG 

In  vivo  depth-dose  (pig) 

39.7 

CETG 

Goal-post  line 

30.2 

30.3 

CETG 

Proj.  30  shelter  studies 

2.4 

DOD* 

Shelter  studies 

K 


Number  of 
dosimeters 
supplied 


m 


TABLE  A- 17 

Goal-post  data,  Hood 
(Area  9a,  1,500-ft.  balloon,  120°  As.) 


Range 

(yd.) 

Slant  range  (D) 
(yd.) 

D2 

Dose 

(r) 

RD2 

Flat  land 

750 

902 

8.14  X 105 

50,700 

4.13  X 10 10 

1,000 

1,116 

1.25  X 106 

17 , 600 

2.2  X 1010 

1,250 

1,345 

1.81  X 106 

6,400 

1.16  X 10 10 

1,500 

1,580 

2.50  X 106 

2,050 

5.13  X 109 

1,750 

1,818 

3.31  X 106 

790 

2.61  X 109 

2,000 

2,060 

4.24  X 106 

350 

1.48  X 109 

2,100 

2,158 

4.66  X 106 

242 

1 . 13  X 109 

2,200 

2,256 

5.09  X 106 

200 

1.02  X 109 

2,300 

2,354 

5.54  X 106 

140 

7.76  X 108 

Over  hill* 

2,100 

2,158 

4.66  X 106 

200 

9.32  X 108 

2,200 

2,256 

5.09  X 106 

177 

9.01  X 108 

2,300 

2,354 

5.54  X 106 

145 

8.03  X 108 

* 

Slant  range  is  approximate. 


40 


•joioDwooitewoooioootooooo 
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TABLE  A- 19 

Collimator  data.  Hood.  1.500  yards 


(Area  9a,  1,500-ft.  balloon,  120°  Az.) 


Insert 

Az . (9) 
(deg.) 

El.  (0) 
(deg.) 

Attenuator 

thickness 

30°  Pb 

3 

72.0 

None 

30  Pb 

2 

70.5 

3 in.  sand 

30°  Pb 

1 

70.5 

6 in.  sand 

20  Pb 

1 

69.0 

None 

30°  Pb 

3 

:o.o 

None 

30°  Pb 

2 

12.0 

None 

30°  Pb 

27 

85.0 

None 

30°  Pb 

31 

57.0 

None 

30  Pb 

4 

98.0 

None 

30°  Pb 

7 

120.0 

None 

30°  Pb 

30 

112.0 

None 

30°  Pb 

51 

98.0 

None 

30°  Pb 

64 

64.0 

None 

30  Pb 

34 

54.0 

None 

45°  None 

104 

70.0 

None 

45°  None 

135 

29.0 

None 

45  None 

161 

69.0 

None 

Dose 

(r) 


TABLE  A-20 


i 


Colli— tor  data.  Hood.  1,730  y>rdi 


(Area  9a.  1,500-f t.  balloon.  120  A*.' 


Coll. 

No. 

Insert 

Az.  (9) 
(deg.) 

El.  (0) 
(deg.) 

Attenuator 

thickness 

Dose 

(r) 

48 

30°  Pb 

2 

73 

None 

322.0 

49 

30®  Pb 

0 

72 

None 

205.0 

50 

30°  Pb 

1 

73 

None 

175.0 

51 

30®  Pb 

4 

43 

None 

65.0 

52 

30®  Pb 

2 

14 

None 

33.0 

53 

30®  Pb 

26 

89 

None 

45.0 

54 

30°  Pb 

26 

61 

None 

61.0 

55 

30°  Pb 

2 

103 

None 

53.0 

56 

30°  Pb 

4 

134 

None 

Lost 

57 

30°  Pb 

35 

107 

None 

15.0 

58 

45  None 

54 

98 

None 

22.0 

59 

45°  None 

63 

69 

None 

24.0 

60 

450  None 

42 

38 

None 

33.0 

61 

45  None 

109 

71 

None 

3.0 

62 

45°  None 

136 

30 

None 

6.4 

63 

45°  None 

156 

18 

None 

4.3 

TABLE  A-21 

Support  instrume ntation.  Hood 


Project 


Agency 


Description 


Number  of 
dosimeters 
supplied 


2.10 


METG 


Air-phase  propagation 


120 


TABU  A-24 

t data,  Kepler 


(Area  4,  500 -ft . tower 


Slant  range  (D) 

(yd.) 

D2 

Dose 

(D 

AD2 

527 

2.78  X 10s 

7200 

2.00  X 10® 

1,013 

1.03  X 10® 

295 

3.04  X 10® 

! 

1,510 

2.28  X 1G6 

36 

8.21  X 107  j 

5 _ i 

TABU  A-25 

rt  instruaentation.  Kepler 


Agency 

Description 

CXTG 

Shelter  instrueentation 

Nuaber  of 

dosieeters 

supplied 


TABLE  A-26 

Goa  Impost  data.  Stokes 


Area  7b.  1.500-ft.  balloon,  160°  As.) 


900 

1,000 


Slant  range  (0) 
(yd.) 

1)2 

Dose 

(r) 

at 

782 

6.12  X 105 

19,300 

1.18  X 1010 

861 

7.41  X 105 

12,500 

9.26  X 109 

944 

8.91  X 105 
6 

7,350 

6.55  X 10®  t 

* 

B 5 

1,030 

1.06  X 10 

5.19  X 10* 

1,116 

1.25  X 106 

3,200 

4.00  X 109 

1,345 

1.61  X 106 

.,025 

1.86  X 109 

1,580 

2.50  X 106 

390 

9.76  X 108* 

■j 

I 


TABLE  A-27 

Colli— tor  data,  Stokes,  750  yards 
(Area  7b,  1,500-ft.  balloon,  160°  Az.) 


Coll. 

No. 

Insert 

Az.  (9) 
(deg.) 

El.  (0) 
(deg.) 

Attenuator 

thickness 

Dose 

(r) 

11 

20°  Pb 

0 

56 

None 

3,250 

12 

30°  Pb 

0 

56 

None 

3,000 

13 

30°  Pb 

0 

56 

3 in.  sand 

1,900 

14 

30®  Pb 

0 

56 

6 in.  sand 

1,210 

15 

3°o  Pb 

0 

56 

9 in.  sand 

900 

16 

45”  None 

0 

56 

None 

4.  100 

17 

30  Pb 

0 

19 

None 

580 

18 

30°  Pb 

45 

40 

None 

610 

19 

30®  Pb 

39 

70 

None 

510 

20 

30°  Pb 

39 

70  | 

3 in.  sand 

350 

21 

30°  Pb 

39 

70 

6 in.  sand 

230 

22 

30°  Pb 

39 

70 

9 in.  sand 

175 

23 

30  Pb 

0 

93 

None 

355 

24 

20®  Pb 

0 

76 

None 

825 

25 

20®  Pb 

0 

96 

None 

280 

26  1 

20  Pb 

22 

83 

None 

440 

27 

30°  Pb 

0 

123 

None 

170 

28 

30°  Pb 

28 

107 

None 

203 

29 

45°  None 

62 

122 

None 

348 

30 

45  None 

75 

80 

None 

2S0 

31 

45°  None 

100 

43 

None 

330 

32 

45°  None 

110 

108 

None 

282 

33 

45Q  None 

134 

73 

None 

172 

34 

45  None 

108 

18 

None 

291 

35 

45°  None 

162 

108 

None 

253 

36 

45°  None 

180 

62 

None 

166 

TABLE  A-28 


tor  data.  Stokes.  1 


(Area  7b,  1, 500-ft.  balloon,  160w  Az.) 


Insert 


Az.  (0) 
(deg.) 


El.  (0) 
(dog.) 


Attenuator 

thickness 


None 

3 in.  sand 
6 in.  sand 
9 in.  sand 
Hone 
None 


None 

None 

None 

None 

None 

None 

None 

3 in.  sand 
6 in.  sand 
9 in.  sand 
None 


1W5W 


TABLE  A-29 

Collimator  data,  Stokes,  1,250  yards 
(Area  7b,  1,500-ft.  balloon,  16Q°  Az.) 


Coll. 

No. 


Insert 


Pb 

Pb 

Pb 

Pb 

Pb 

None 

Pb 

Pb 

Pb 

Pb 

Pb 

Pb 

Pb 

None 

None 

None 

Pb 

None 

None 

None 

None 

None 


Az.  (6) 
(deg.) 


LI.  (G) 
(deg.) 


Attenuator 

thickness 

Dose 

(r) 

None 

380.0 

None 

333.0 

3 in.  sand 

215.0 

6 in.  sand 

183.0 

9 in.  sand 

155.0 

None 

>225.0 

None 

59.0 

•i;>ne  45.0 
None  53.0 
3 xn.  sand  39.0 
6 in.  sand  25.0 
None  43.0 
None  32.0 
None  41.0 
None  36.0 
None  33.0 
None  23.0 
None  26.0 
None  27.5 
None  17.5 
None  35.0 
None  21.5 


TABLE  A-30 

Goal-post  data,  DoppIt 
(Area  7b,  1,500-ft.  balloon.  160°  Az.) 


Range  Slant  range  (D) 
(yd.)  (yd.) 


D2 

Dose 

(r) 

6.12  X 105 

11,900 

7.41  X 105 

6,650 

8.91  X 105 

4,620 

1.06  X 106 

2,790 

1.25  X 106 

1,700 

1.46  X 106 

1,075 

1.69  X 106 

770 

1.94  X 106 

420 

2.21  X 10S 

324 

RD2 


600 
700 
BOO 


_,UU0 
1,100 
1,200 
1,300 
1,400 
1,500 


782 

861 

944 

1,030 

1,116 

1,208 

1,300 

1,392 

1,486 

1,580 


7.28  X 109 
4.93  X 109 


4.12  X 10 


9 

2.96  X 109 
2.13  X 109 
1.57  X 109 
1.30  X 109 
8.15  X 108 


2.50  X 10 


6 


7.16  X 10 
5.08  X 10 


203 


11 

la 

13 

14 

15 
ie 

17 

18 
19 

ao 

ai 

aa 

as 

34 

as 

as 


Xnstrt 

An.  (9) 
<d*«.) 

Kl.  (0) 

(d*f.) 

Att*mintor 

thickness 

20?  Pb 

0 

56.0 

Non* 

20®  Pb 

0 

56.0 

6 in.  aand 

45®  None 

0 

56.0 

Non* 

45®  Non* 

0 

56.0 

6 In.  nand 

30®  Pb 

0 

90.0 

Non* 

30®  Pb 

2 

91.0 

6 in.  sand 

30®  Pb 

20 

72.0 

Non* 

30?  Pb 

22 

72.0 

6 in.  sand 

30®  Pb 

44 

72.0 

Non* 

30®  Pb 

42 

72.0 

6 in.  sand 

45®  Non* 

67 

72.0 

Non* 

45®  Non* 

67 

71.5 

6 in.  sand 

SO®  Pb 

68 

71.5 

Non* 

30°  Pb 

69 

71.5 

6 in.  sand 

45®  Non* 

98 

73.0 

Non* 

45®  Non* 

100 

69.0 

6 in.  sand 

45®  Non* 

130 

69.0 

Non* 

45®  Non* 

130 

70.0 

6 in.  sand 

45®  Non* 

183 

71.0 

Non* 

45®  Non* 

160 

68.0 

6 in.  sand 

30®  Pb 

0 

180.0 

Non* 

20?  Pb 

180 

71.5 

Non* 

30®  Pb 

180 

71.5 

Non* 

1.565.0 

640.0 

3.170.0 

890.0 

286.0 

131.0 

420.0 

168.0 

142.0 

113.0 

216.0 
1*5.0 

100.0 

64.0 

295.0 

90.0 

125.0 

93.0 

87.0 

61.0 
12.5 

98.0 
92. 


TABLE  A-32 


Colliaator  data,  Doppler.  1.000  yards 
(Area  7b,  1,500-ft.  balloon,  160°  Az.) 


Coll. 

No. 

Insert 

Az.  (9) 
(deg.) 

El.  (0) 
(deg.) 

Attenuator 

thickness 

Dose 

(r) 

37 

30°  Pb 

0 

63.5 

None 

660 

38 

45  None 

0 

63.5 

None 

835 

39 

30°  Pb 

0 

25.0 

None 

111 

40 

20°  Pb 

0 

63.5 

None 

233 

41 

20°  Pb 

0 

63.5 

6 in.  sand 

228 

42 

20°  Pb 

0 

63.5 

9 in.  sand 

182 

43 

30°  Pb 

0 

101.0 

None 

77 

44 

30  Pb 

0 

131.0 

None 

36 

45 

30  Pb 

25 

92.0 

None 

69 

46 

30°  Pb 

41 

42.0 

None 

75 

47 

30  Pb 

41 

69.0 

None 

74 

48 

20°  Pb 

41 

69.0 

None 

79 

49 

20°  Pb 

41 

69.0 

6 in.  sand 

22 

50 

20  Pb 

41 

69.0 

9 in.  sand 

21 

51 

30°  Pb 

71 

81.0 

None 

26 

52 

30°  Pb 

98 

94.0 

None 

32 

53 

30  Pb 

127 

106.0 

None 

32 

54 

30°  Pb 

159 

115.0 

None 

35 

55 

30°  Pb 

180 

4.0 

None 

25 

56 

30°  Pb 

180 

35.0 

None 

22 

57 

30°  Pb 

180 

64.0 

None 

17 

58 

30°  Pb 

180 

94.0 

None 

20 

55 


a CD 


TABLE  A-33 

Colli*# tor  data,  Doppler.  1.250  yards 


(Area  7b.  1,500-ft.  balloon.  160°  As. 


Insert 

As.  (9) 
(deg.) 

El.  (0) 
(deg.) 

Attenuator 

thickness 

20®  Pb 

0 

68 

None 

30°  Pb 

0 

68 

None 

30°  Pb 

0 

68 

3 In.  sand 

30°  Pb 

0 

68 

6 in.  sand 

30°  Pb 

0 

68 

9 in.  sand 

45°  None 

0 

68 

None 

30°  Pb 

0 

31 

None 

30°  Pb 

37 

47 

None 

30°  Pb 

39 

72 

None 

30°  Pb 

39 

72 

3 in.  sand 

30°  Pb 

39 

72 

6 in.  sand 

30°  Pb 

25 

96 

None 

30°  Pb 

0 

105 

None 

45°  None 

62 

106 

None 

45°  None 

79 

63 

None 

45  None 

111 

15 

None 

30°  Pb 

25 

124 

None 

45°  None 

180 

43 

None 

45°  None 

128 

67 

None 

45°  None 

180 

85 

None 

45°  None 

147 

114 

None 

45°  None 

107 

106 

None 

Dose 

(r) 


96.0 

285.0 

49.0 

40.0 

27.0 

26.0 
20.0 
21.0 

> 20.0 

24.0 

10.5 

32.0 
> 20.0 
> 20.0 
> 20.0 
> 20.0 

14.5 

10.0 


TABLE  A >34 

Goa 1-Doet  data.  Franklin  Pri 


(Area  7b,  750-f t . balloon,  160  As 


Slant  range  (D) 
(yd.) 


560 

650 

744 

839 

934 

1,031 

1,275 


3.14  X 10‘ 
4.23  X 10 
5.54  X 10 
7.04  X 10 
8.67  X 10 

1.063  X 106 

1.63  X 10€ 


Dose 

(r) 


11,625 


[•Kill 


3,840 

2,000 

1,175 

770 

232 


HD2 

3.65  X 

109 

2.98  X 

1°9 

2.13  X 

109  i 

1.41  X 

10*  ] 

1.02  X 

109 

* 

8.20  X 

108 

3.78  X 

108 

TABLE  A-35 

Collimator  data.  Franklin  Prise.  500  yards 


Area  7b.  750>ft.  balloon.  160°  As. 


Coll. 

> | 
N 1 
• 

W 1 

1 

No. 

Insert 

(deg.) 

A 

No  gansa  insert 

0 

B 

| 45°  None 

0 

C 

Pb  liner  only 

0 

45°  None 

160 

E 

20°  Pb 

180 

F 

30°  Pb 

180 

El.  (0) 
(deg.) 


0 

0 

0 

5 

5 


71.5 


Coll. 

Az.  (9) 

El.  (0) 

Attenua tor 

Dose 

No. 

Insert 

(deg.) 

(deg.) 

thickness 

(r) 

20  Pb 
20°  Pb 
20®  Pb 
20°  Pb 
20°  Pb 
20°  Pb 
20°  Pb 
20°  Pb 
30°  Pb 
?9°  Pb 
30°  Pb 
30°  Pb 
45°  None 
45°  None 
30°  Pb 
30°  Pb 
30  Pb 
30°  Pb 
30°  Pb 
30°  Pb 


71.5 

71.5 

52.0 

52.0 

90.0 
90.0 
71.5 
71.5 
71.5 
71.5 
71.5 
7*1.5 

ii.Zt 

71.5 

71.5 

71.5 
• » 

71.5 

71.5 

71.5 


None 
6 in. 
None 
6 in. 
None 
6 in. 
None 
6 in. 
None 
6 in. 
None 
6 in. 
None 
6 in. 
None 
! Sin. 

: ne 
I C in. 
I None 
I 6 in. 


sand 


sand 


sand 


sand 


sand 


sand 


sand 


sand 


sand 


sand 


860.0 

830.0 

545.0 

210.0 

288.0 

139.0 

368.0 

148.0 

110.0 

50.0 

67.0 

45.0 
116.0 

80.0 
47. C 
22.0 
30.0 
r '.  0 
34.0 
26.5 


59 


!i 


TABLE  A-37 
Goa 1-Doet  data.  Saok 


(Area  2c.  700-ft.  tower,  east  line.  90°  As 


Range 

(yd.) 

Slant  range  (0) 
(yd.) 

D2 

Dose 

(r) 

610 

651 

4.24  X 105 

47,000 

660 

691 

4.78  X 105 

37,000 

725 

756 

5.72  X 105 

25,000 

780 

810 

6.56  X 105 

19,000 

810 

841 

7.07  X 105 

13,500 

860 

887 

7.87  X 105 

15,500 

955 

980 

9.60  X 105 

9,800 

965 

990 

9.80  X 105 

4,300 

975 

1,001 

1-0  0 X 106 
6 

5,400 

1,026 

1.05  X 10° 

6,600 

1,080 

1,098 

1.21  X 106 

5,700 

1,140 

1,164 

1.35  X 106 

4,300 

1,250 

1,268 

1.61  X 106 

2,575 

1,400 

1,421 

2.02  X 106 

1,175 

1,600 

1,618 

2.62  X 106 

580 

1,800 

1,816 

3.30  X 106 

230 

1.99 

X 

10 

1.77 

X 

10 

1.43 

X 

10 

1.25 

X 

10 

9.54 

X 

10 

1.22 

X 

10 

9.41 

X 

10 

4.21 

X 

10 

5.40 

X 

10 

6.93 

X 

10 

6.90 

X 

10 

5.81 

X 

10 

4.15 

X 

10 

2.37 

X 

10 

1.52 

X 

10 

7.60 

X 

10 

TABLE  A-39 


(Area  2c.  700-ft.  tower,  south  line,  180°  As.) 


Range 

(yd.) 

Slant  range  (0) 
(yd.) 

D2 

Dose 

(r) 

400 

466 

600 

649 

800 

841 

1,034 

1,200 

1,229 

1.51  X 106 

2,870 

1,400 

1,426 

2.03  X 106 

2,235 

1,500 

1,525 

2.33  X 106 

1,700 

1,600 

1,623 

2.63  X 106 

1,480 

1,700 

1,722 

2.97  X 106 

1,420 

1,800 

1,821 

3.32  X 106 

1,150 

1,900 

1,920 

3.69  X 106 

a 

1,325 

2,000 

2,019 

4.08  X 10b 

1,000 

4.33 

X 

10® 

4.54 

X 

109 

3.96 

X 

109 

3.89 

X 

109 

4.22 

X 

109 

3.82 

X 

109 

4.89 

X 

109 

4.08 

X 

109 

Not  raotted,  results  contaminated  by  fallout,  recovery 
D i 3 days. 


TABLE  A-41 


[- 

\ 


I 


Smoky  shot  slant-range  calculation, 
south  line 


Dist.  from  GZ 
(yd.) 

Elevation 
above  GZ 
(ft.) 

400 

-20 

600 

- 60 

800 

- 80 

1,000 

- 95 

1,200 

-105 

1,400 

-120 

1,500 

-120 

1 , 600 

-125 

1,700 

-125 

1,800 

-130 

1,900 

-130 

2,000 

i 

-’35 

Slant  range 
(yd.) 


TABLE  A-43 

Goal-post  data.  Fizeau 


(Area  3b,  500-ft.  tower) 


Slant  range  (0) 

o 

(yd.) 

D2 

House  line  (200°  Az.) 
1 8.28  X 105  I 


4,750 

1.02  X 1C6  3,000 

1.23  X 106  1,430 

1.47  X 106  825 

Collimator  line  (195°  Az.) 

| 1.47  X 106  | 1,080 

Animal  line  (185°  Az.) 


3.93  X 10 
3.06  X 10 
1.76  X 10 
1.26  X 10 

1.59  X 10 


1.47  X 

106 

1,160 

1.71 

X 

10 

1.72  X 

106 

750 

1.29 

X 

10 

1.99  X 

106 

505 

1.09 

X 

10( 

2.28  X 

106 

325 

7.41 

X 

101 

2.59  X 

106 

216 

5.6 

X 

10J 

25 
50 
5 

,500 

,525 

,550 

,575 

,600 

,625 

,650 


TABLE  A-44 

Monkey  exposure  data.  Fizeau 


(Area  3b,  500-ft.  tower,  185°  Az.) 


Slant  range  (D) 
(yd.) 

D2 

Dose 

(r) 

RD2 

1,435 

2.06  X 106 

323 

6.66  X 10  8 

1,460 

2.13  X 106 

276 

5.88  X 108 

1,484 

2.20  X 106 

254 

5.59  X 108 

1,509 

2.28  X 106 

227 

5.18  X 108 

1,534 

2.36  X 106 

204 

4.76  X 108 

1,559 

2.43  X 106 

187 

4.54  X 108 

1,583 

2.51  X 106 

169 

4.24  X 108 

1,608 

2.59  X 106 

154 

3.99  X 108 

1,633 

2.67  X 106 

138 

3.68  X 108 

1,658 

2.75  X 106 

128 

3.52  X 108 

ttUMBMi 


TABLE  A-45 

Burro  exposure  data.  Fizeau 


(Area  3b,  500-1 1.  tower,  185°  Az.' 


Range 

(yd.) 

Slant  range  (D) 
(yd.) 

D2 

Dose 

(r) 

1,400 

1,410 

1.99  X 106 

420 

1,450 

1,460 

2.13  X 106 

310 

1,500 

1,509 

2.28  X 106 

245 

1,550 

1,559 

2.43  X 106 

215 

1,600 

1,608 

2.59  X 106 

176 

1,650 

1,658 

2.75  X 106 

135 

8.37 

X 

10 

6.61 

X 

10 

5.59 

X 

10 

5.23 

X 

10 

4.56 

X 

10' 

3.72 

X 

10 1 

TABLE  A-4b 

Burro  implants,  Fizeau 


(Area  3b,  500-ft.  tower,  185°  Az.) 


Implant  No. 


Range 
(yd .) 


1,400 

1,400 

1,400 

1,400 

1,400 

1,400 


5 


TABLE  A- 49 


Coll. 

Mo. 


Collimator  data.  Fizeau,  1.000  yards 


Area  3b.  500-ft.  tower . 195°  Az. 


Insert 

Az.  (9) 
(deg.) 

El.  (9) 
(deg.) 

Attenuator 

thickness 

Dose 

(r) 

20°  Pb 

0 

80.5 

None 

1,050 

20°  Pb 

0 

80.5 

3 in.  sand 

720 

20°  Pb 

0 

80.5 

6 in.  sand 

350 

20°  Pb 

0 

80.5 

9 in.  sand 

340 

30°  Pb 

0 

80.5 

None 

950 

45°  None 

0 

80.5 

None 

1,350 

45°  None 

0 

80.5 

3 in.  sand 

900 

45°  None 

0 

80.5 

6 in.  sand 

720 

45°  None 

0 

80.5 

9 in.  sand 

440 

30°  Pb 

0 

43.0 

None 

163 

30°  Pb 

33 

59.0 

None 

106 

30°  pb 

36 

89.0 

None 

107 

30°  Pb 

36 

89.0 

3 in.  sand 

49 

30°  Pb 

36 

89.0 

6 in.  sand 

51 

30°  Pb 

36 

89.0 

9 in.  sand 

51 

30°  Pb 

18 

113.0 

None 

78 

30°  Pb 

0 

13.0 

None 

10 

30°  Pb 

62 

32.0 

None 

<10 

30°  Pb 

67 

60.0 

None 

61 

30°  Pb 

67 

60.0 

3 in.  sand 

48 

30°  Pb 

67 

60.0 

6 in.  sand 

37 

30°  Pb 

67 

60.0 

9 in.  sand 

49 

j- — “■  ~l  n I rn  -tt"i  II W 


Coll. 

No. 


TABLE  A- 50 


Collieator  data.  Pizeau,  1,000  yards 


(Area  3b.  500-ft.  towor.  195°  Az.l 


Inaart 


Az.  (9)  El.  (0)  Attanuator  Doaa 

(dag.)  (dag.)  thickness  (r) 


30°  Pb 
30°  Pb 
30°  Pb 
30°  Pb 
30°  Pb 
30°  Pb 
30°  Pb 
30°  Pb 
30°  Pb 
30®  Pb 
30°  Pb 
30°  Pb 
30°  Pb 
30°  Pb 
30®  Pb 
30°  Pb 
30®  Pb 
20°  Pb 
20  Pb 
20°  Pb 
20°  Pb 
30°  Pb 


Nona 

Nona 

Nona 

Nona 

None 

None 

None 

3 In. 

6 in. 

9 in. 

None 

None 

None 

3 in. 

6 in. 

9 in. 

None 

None 

3 in. 

6 in. 

9 in. 

None 

None 


sand 
sand 
sa  nd 


sand 

sand 

sand 


sand 

sand 

sand 


34.0 

43.0 

28.0 

37.0 

< 5.0 

23.0 

36.0 

< 5.0 

< 5.C 

12.0 
17.5 
16.0 

25.0 

19.0 

15.0 

< 5.0 

40.0 

< 5.0 
<10.0 
<10.0 
<10.0 

40.0 

41.0 


Slant  range  (D) 
(yd. ) 

D2 

Dose 

(r) 

2,102 

4.4  X 106 

39.0 

2,201 

4.81  X 106 

28.5 

2,391 

5.29  X 106 

41.5 

2,400 

5.76  X 106 

13.5 

2,300 

6.25  X 106 

<10.0 

1.72  X 10 
1.37  X 108 
2.19  X 10 
7.78  X 10 


«fea 


TABLE  A-52 

Goal-oost  data.  Charleston 


(Area  7b,  1,500-ft.  balloon,  127°  Ass.) 


Slant  range  (0) 
(yd.) 

D2 

Dose 

(r) 

2,  102 

“ 

4.4  X 106 

58 

2,201 

4,84  X 106 

35 

2,301 

5.29  X 106 

39 

2,400 

5.76  X 106 

19 

2,500 

6.25  X 106 

<10 

2.56  X 10 
1.69  X 10 
2.05  X 10 
1.09  X 10 

9.4 


TABLE  A-53 

Collimator  data.  Charleston 


(Area  7b,  1,500-ft.  balloon,  127  Az .) 


Coll.  No 


Dose 

(r) 
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